Aim: Alterations in thyroid function with a simultaneous increase of hCG in some pregnancy diseases have been reported. However, the relationship between thyroid hormones and hCG during preeclampsia is not yet evaluated. In this study we determined serum levels of hCG, TSH, free T3 (fT3) and free T4 (fT4) in normal pregnant woman and in patients with preeclampsia and evaluated the correlation between these hormones. Methods: Blood samples were taken from 20 healthy pregnant women as control and from 20 patients with severe preeclampsia. Total hCG was measured by enzyme immunoassays. Serum concentrations of TSH, fT3 and fT4 were determined by chemiluminiescence method. Result: The average values of hCG were higher in the group with preeclampsia, but no statistically significant differences in relation to control group were observed. Likewise, no differences in serum concentrations of TSH, fT3 and fT4 between the control group and the group with preeclampsia were observed. Additionally, no correlation was observed between TSH, T3 and T4 with hCG. Conclusion: No correlation was observed between hCG and thyroid hormones. The different forms of hCG present in normal pregnancy and during preeclampsia could have different ways of stimulating the TSH receptor, which may be reflected in thyroid function.
Introduction
Pregnancy is associated with substantial but reversible changes in thyroid function [1] [2] . The physiological changes in the thyroid gland during pregnancy are well understood, but only a few reports provide information about thyroid function in complicated pregnancies [1] . Although pregnancy is usually associated with very mild hyperthyroxinemia, women with hypothyroidism increase the risk for obstetrical complications as gestational hypertension or preeclampsia [3] . Several investigations [4] - [7] reported that preeclamptic women had significantly increased seric concentrations of thyrotropin (TSH) and decreased concentrations in free triiodothyronine (fT3) and free thyroxine (fT4), in relation to normotense pregnant women, in the third trimester. However, fT3, fT4 and TSH remained within the reference range.
There are controversies about the mechanism and clinical significance of low concentration of thyroid hormones in preeclampsia. Research groups [4] [8] reported that compared to the controls, the preeclamptic patients had low fT4 and fT3 concentrations and observed that preeclamptic patients with low fT4/fT3 had significantly higher plasma urate and albumin concentrations. Therefore, the authors suggest that the thyroid hormones concentrations may reflect the severity of preeclampsia. Additionally, it has been proposed that alteration in thyroid functions during preeclampsia might result from the dysfunction in the hypothalamic-pituitary-thyroid axis, secondary to the disease itself [9] . However, other authors found no alteration in thyroid function during preeclampsia [10] . Moreover, recent reports show that both hypothyroidism and hyperthyroidism are associated with preeclampsia [11] - [13] .
On the other hand, several studies have reported an association between unexplained elevation in maternal serum human chorionic gonadotropin (hCG), and preeclampsia [14] - [20] . Additionally, an increase in thyroid function has been reported in patients with trophoblastic tumor, either hydatidiform mole or choriocarcinoma [21] - [23] or in hyperemesis gravidarium [24] , with a simultaneous increase of hCG. However, the relationship between thyroid hormones and hCG during preeclampsia has not yet been evaluated.
The aim of this study was to determine serum levels of hCG, TSH, free T3 (fT3) and freeT4 (fT4) in normal pregnant woman and in patients with preeclampsia and the possible correlation between these hormones.
Methods
This investigation was a case-control study; subjects were selected randomly from a population of patients admitted at the Concepcion Palacios Maternity Hospital (Caracas, Venezuela) with a diagnosis of preeclampsia. The control group was recruited from normotensive pregnant women attending prenatal clinic. The study was approved by the institutional Review Board of the Concepcion Palacios Maternity Hospital and its Bioethics Committee, and all women signed informed consent. Preeclamptic patients were identified after detection of proteinuria (≥500 mg/day), blood pressure ≥140/90 mmHg, or a rise of 30 mmHg in systolic pressure or of 15 mmHg in diastolic pressure (in at least two consecutive 6 hours apart measurements while at bed rest) and edema. Pregnant women control-group had no history of hypertension and no evidence of hypertension or proteinuria during current pregnancy. There was not statistical difference in maternal age between the groups. All the subjects were in the third trimester of pregnancy, and presented similar median gestational age. All patients who had a history of any thyroid disorders, renal disease, or chronic hypertension; or those who were on medications (such as diuretics, corticosteroids or antihypertensive, which could alter thyroid function test) were excluded. Blood samples were obtained at time of diagnosis of preeclampsia, or during check-up of normotensive women. Serum was separated and stored at −20˚C to be evaluated later. Total hCG (nicked + non nicked + free) immunoreactivity was measure by enzyme immunoassays kit (Chiron Diagnostic, Emeryville, CA, USA), with a sensitivity of 2.0 mUI/mL and with a variation coefficient between-assays of 3.8%. The thyroid hormones were measured by chemiluminescence method. Thyrotropin (TSH) and concentrations expressed in mUI/mL and free T4, free T3 in ng/dl.
Statistical analysis was performed by Student t test, and Pearson correlation test, using the software Statistica. Results were expressed as mean ± SEM and p values ≤ 0.05 were accepted as statistical significant.
Results
Clinical and demographic data are given in Table 1 . There were no significant differences in maternal age, gestational age and parity at the sampling time, between preeclamptic and normotensive group. Table 2 lists the average concentration of hCG, TSH, fT3 and fT4 in the normotensive and in the preeclamptic group. The hCG concentration was higher in the preeclamptic (28624 ± 4816 UI/ml, minimum 6778 and maximum 99512 UI/ml) than in the normotensive group (21445 ± 3422 UI/ml, range 33662 -52392 UI/ml) but the observed difference was not statistically significant. Serum concentration of TSH was similar in the preeclamptic (2.6 ± 1.6 mUI/ml range 0.3 -6.5 mUI/ml) and in the normotensive group (2.5 ± 1.2 mUI/ml, minimum 1.0 and maximum 5.3 mUI/ml). There was not difference in fT3 serum levels between the preeclamptic (2.99 ± 0.88 ng/dl, range 2.05 -3.98 ng/dl) and the normotensive group (3.35 ± 0.65 ng/dl minimum 2.25 maximum 3.97 ng/dl). Serum fT4 was similar in the preeclamptic (1.0 ± 0.4 ng/dl, range 0.8 -1.5 ng/dl) and normotensive group (1.0 ± 0.2 ng/dl, minimum 0.8 and maximum 2.0 ng/dl). There was no correlation between serum levels of hCG and TSH, hCG and FT3, hCG and fT4, TSH and fT3, TSH and fT4, and fT3 and fT4 (data not shown) neither in the preeclamptic group nor in the normotensive group.
Discussion
The result of our study showed that thyroid function, based on fT3, fT4 and TSH levels, was not altered in the preeclamptic group compared to the normotensive group. The average values of hCG were higher in the group with preeclampsia, but there was no statistically significant differences in relation to the control group. Additionally, no correlation was observed between TSH, T3 and T4 with hCG.
Thyroid-stimulating activity in serum of normal pregnant women shows a significant correlation with levels of serum hCG levels. It is likely that the thyrotrophic activity of hCG during first trimester peak secretion overrides the normal operation of the hypothalamic-pituitary-thyroid feedback system [25] . An association has been reported in certain pathologies of pregnancy, where there is increase in hCG, as in hyperemesis gravidarium, with an increase in thyroid function [26] .
In some cases, the gestational trophoblastic disease is complicated with hyperthyroidism. This is believed to occur because of molecular mimicry between hCG and TSH causing cross-reactivity of the molecule of hCG with the TSH receptor. Treating gestational trophoblastic disease normalizes the hCG levels and hyperthyroidism is resolved [22] .
Studies show divergence in relation to the concentration of thyroid hormones and preeclampsia. Several studies [4] - [7] found that preeclamptic women had significantly higher concentrations of TSH and lower fT4 and fT3 compared to normotensive pregnant women in the third trimester. However, Qubland et al. [10] demonstrate that thyroid function was not altered in the preeclamptic group compared to the normotensive. These results agree with those of our study. It has been reported that the technique employed for measuring free hormones concentration could affect concentration value [27] . Similar to Qublan's study [10] , we used electrochemioluminicence to measure thyroid hormones, because this method is not influenced by concentrations of albumin in serum or blocking antibody [28] [29] . However, the others studies [4] - [7] used radioimmunoassay.
In the present study, hCG concentration was increased in the preeclamptic group compared to the normal pregnancy group, but the difference was not statistically significant. In a previous study from our laboratory, it was shown that hCG concentration was increased in patients with preeclampsia, but the bioactivity of this hormone was decreased [30] . The biologic activity of glycoprotein hormone is influenced by structure and number of oligosaccharide side in β subunits. Extensive variations are possible in the branched oligosaccharide structure, contributing to considerable heterogeneity of glycoprotein hormone.
Numerous studies have suggested a link between elevated maternal hCG serum levels and preeclampsia [17] - [20] whereas Huang et al. [31] as well as Wenstrom et al. [32] did not observe significant differences in hCG concentration between preeclamptic and normal pregnancies. Immunodiagnostic kits to determine hCG vary the isoforms detected by the kit (nicked, non nicked, β-free). Therefore, the results of the different investigations are not always comparable, which could explain the differences in several studies in the relationship between preeclampsia and hCG.
Interestingly, research of hCG molecule has made significant progress in recent years. A review by Cole [33] indicates that there are at least 5 molecules of biologically active hCG: 1-the hormone produced by the placental syncytiotrophoblast cells, 2-the sulfated hormone produced by the pituitary gonadotrope cells, 3-the hyperglycosylated hCG autocrine made by placental cytotrophoblast cells, 4-the autocrine cancer promoters hyperglycosylated hCG, 5-hCGß and hyperglycosylated hCGß made by all malignancies.
Previous reports showed that variations in hCG glycosylation modified its thyrotropic potency in different cell models in vitro [34] - [37] . Moreover, depending of hCG integrity and glycosilation, different forms of hCG forms molecules could act as an agonist or as an antagonist [38] . HCG hyper-glycosylated forms are dominant in early pregnancy (3 -5 weeks) and choriocarcinome, while it has been described that during preeclampsia a hypo-glycosylated hCG form is present, which makes the invasive process of implantation difficult [39] .
Conclusions
In conclusion, no correlation was observed between hCG and thyroid hormones. The different forms of hCG present in normal pregnancy, preeclampsia and other gestational trophoblastic diseases could have different abilities to stimulate the TSH receptor, which may be reflected in thyroid function. Further studies considering these aspects should be performed.
However, this study has several limitations. The first one is that background information about hCG is from some published reports on preeclampsia measured serum hCG in the second trimester, others in the third trimester serum and still others in placental samples. The same can be for thyroid hormones. Second, we cannot estimate the range of the hCG concentration need that might depress THS levels. Apart from these factors, another reason is that numbers of study subject are too few to determine difference. Therefore, it is necessary for future prospective and large-scale study to clarify the relation between hCG and thyroid hormones in preeclampsia.
